
until it reaches the height of the column of water
in CD. The reading is now taken in centimeters
of the height to which the column of water
stands in CD, and this is so graduated as to
represent the percentage of CO„ which was ab-
sorbed by alkali and replaced by water. This
completes the test.

The apparatus is prepared for the next test
by opening cock C so that A to B is a continuous
passage. The fluid in the apparatus is allowed
to escape. Orifice B is put under the faucet and
cold water allowed to run through the apparatus,
taking care to shake sufficiently at the time so
that water touches all of the inside of the ap-
paratus. Repeat. Then pour through orifice
B about 10 cc. of 4% solution boric acid. Rinse
the apparatus very thoroughly with the acid so
that there shall be no alkali remaining adherent
to its sides. "Wash again with cold water. Leave
the apparatus so that orifices A and B are down,
thereby allowing any water in the apparatus
to drain out.

From the above it will be seen that the ap-
paratus necessary is, first, the Fridericia ap-
pliance, a glass tank, whose depth is equal to the
length of the Fridericia apparatus, a wash bottle
containing 20% solution of potassium hydrate
and another wash bottle containing 4% solution
of boric acid. It is convenient to add an indi-
cator, such as alizarin, or litmus, to the alkaline
and acid fluids.

Observations on the Blood Sugar in Diabetes
Mellitus.

By Orville F. Bogers, Jr., M.D., Boston.

[From the Medical Services of the Massachusetts
General Hospital.]

The aim of this paper is to present some con-

clusions as to the value or necessity of determin-
ing the blood sugar in treating diabetes, either
from a prognostic or therapeutic standpoint.

There have been in the past many methods for
the estimation of blood sugar, but most of them
have necessitated the use of such large quanti-
ties of blood that they were not practical for fre-
quently repeated determinations, and therefore
not suitable for clinical work. Another objec-
tion has been the complicated procedures in-
volved, capable of being carried out only in a well
equipped laboratory, and by a trained chemist.
In the past few years there have been a number
of methods brought forth which can be carried
out on small samples of blood, notably the Bang
micro-method,1 in which the amount neces-

sary is only a few drops, and the Lewis-
Benedict method,2 in which 2 cc. of blood are

required. At the Massachusetts General Hos-
pital we are using the Lewis-Benedict method *

with a modification described by Myers and
Bailey.8 There are several other modifications

in which only a few drops of blood are used,,
but the accuracy of these is rather doubtful.

The normal blood sugar varies between 0.06%
and 0.11% according to the various authors.
With the method that we use, the average is
around 0.09%' to 0.10%, and the high limit of
normal about 0.11%. There are many factors
that influence blood sugar besides diabetes. The
sugar in the blood seems to be in a very labile
state, and may be much influenced by a number
of causes. Excitement, infections, the ingestion
of food, and nephritis may all raise the blood
sugar values above normal for a greater or small-
er period of time, and to a greater or less degree.
Lately the influence of damaged kidneys in rais-
ing the blood sugar in both normal and diabetic
individuals has been emphasized more and more.

Diabetes is the most common cause of in-
creased blood sugar and it also causes the high-
est values. Those rather rare cases of renal dia-
betes are the only ones in which there is not
some elevation of the blood sugar while sugar is
being excreted.

The blood sugar among those patients treated
at the Massachusetts General Hospital who had
diabetes but who had had no previous treatment,
or whose treatment had not been efficient, that is,
they were still excreting considerable sugar, was
about 0.26% for an average, with variations
from 0.76% to 0.16%. The highest value that
was found (0.76%) was in a man in coma
and the next highest was 0.36% in a very severe
diabetic on the verge of coma. Values above
0.30%' seem to be uncommon unless there is some
difficulty on the part of the kidneys in accom-
plishing excretion.

On the other hand, the blood sugar determina-
tions done on patients at the time they left the
hospital, when they were sugar-free, and had
been so generally for some days or weeks, showed
variations from 0.07% to 0.18%, and averaged
0.12%. This is a decided drop in the blood
sugar, but only six or seven of the values were

actually within normal limits.
This brings up the question of the relation of

glycaemia to glycosuria, and the permeability of
the kidneys to sugar. The level of sugar in the
blood does undoubtedly determine in a general
way in normal or diabetic individuals, with nor-
mal kidneys, the presence or absence, or the
amount, of glycosuria, but it is also true that
the level which blood sugar must reach in order
to cause a glycosuria of any given intensity
varies greatly in different diabetics and in the
same diabetic at different times. Recent work
by Hamman and by Foster reported at "Wash-
ington in May, 1916, seems to show that for nor-
mal individuals there is a fairly constant thresh-
old for sugar excretion. However, for diabetics
this threshold was more variable.

McLean,4 Epstein,5 and Myers and Bailey"
have published papers tending to show a direct
relationship between glycaemia and glycosuria.
especially when there is no renal element, and* T wish to express mv thanks to Dr. W. Denis and Miss Anna

Minot, by whom almost all of the determinations have been done.
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they have all emphasized the fact that where the
kidneys are damaged, either by nephritis or in
coma, this relationship is much disturbed and
we may have freedom from glycosuria with a

hyperglycaemia of considerable proportions, due
to the raising of the threshold of sugar excre-
tion. This, of course, can be determined only by
estimations of the blood sugar, and it is in this
type of case that we may get some information
of practical value from the blood sugar deter-
minations.

In persons in coma, excretion both of sugar
and of acid bodies may be much interfered with,
and in the severest cases the urine may not give
a reaction for either of these substances, or the
reactions may be very slight. The blood, on the
other hand, may have very large amounts of
these substances, and it is through blood ex-
aminations alone that a true picture of the con-
dition may be arrived at. In other eases, when
nephritis is present, the urinary excretion of
 sugar may be much diminished in proportion
to the hyperglycaemia, and the latter may ge-
main quite elevated after the glycosuria has
ceased. Likewise in some diabetics with normal
renal function, as measured by our usual tests,
there is apparently a decreased permeability for
sugar alone, giving rise to the same state of af-
fairs.

The true influence of this persistent hyper-
glycaemia on the diabetic state is not definitely
•settled. If there is a sufficient excess of sugar
circulating in the blood of a diabetic without
nephritis to cause glycosuria, it is assumed that
there is an overstrain on the pancreatic function,
and that the latter will be thereby weakened.
If nephritis is added to this, and the glycosuria
thereby prevented, the hyperglycaemia persists
as before. The question now is as to whether
under these conditions the functional overstrain
still continues to be placed upon the pancreas.

The answer from general grounds would ap-
pear to be "yes," but there are some things that
argue against this. Allen," by repeated injec-
tions of dextrose into a normal animal, sufficient
to keep up a continuous glycosuria and hyper-
glycaemia for many months, was unable to pro-
duce diabetes; on the other hand, the animal's
tolerance for dextrose became doubled, probably
due to decreased permeability of the kidney for
sugar. With animals, partially depancreatized.
but not rendered diabetic, he was unable to pro-
duce true diabetes by means of these injections.
The other argument against the evil effects of
a persistent hyperglycaemia is based on clinical
grounds, namely, that many patients who have
had this condition while in the hospital have
done very well in the out-patient department,
though, to bè sure, we do not know that their
hyperglycaemia had not disappeared. In a great
majority of the cases the treatment as carried
out with the urinary sugar alone as a guide
seems to be efficient in reducing the blood sugar
to within a slight amount above normal, and the

blood sugar determinations are not necessary as
a guide.

From a prognostic standpoint it is not possible
to predict from a patient's initial blood sugar
level how long it will take him to become sugar
free. Two parallel cases, each with a blood
sugar of 0.26% on a mixed diet, entered within
a week of each other recently. One had 6%,
and the other 5%, sugar in the urine. One be-
came sugar free after one and a half days of low
diet, and the other required three days of low
diet and three days of fasting to achieve the
same result.

As to the height of tolerance as forecast b3r the
blood sugar, there seems to be nothing more
definite. The tolerance may be low when the
initial blood sugar is low, or it may be high when
the admission blood sugar is also very high. In
the same way, the fact that the blood sugar
reaches normal values after treatment does not
necessarily mean that the case is mild, for there
have been several cases treated in which the tol-
erance was quite low in spite of easy reduction
of the blood sugar to normal. On the other
hand, there have been cases with fairly high
tolerance whose blood sugar showed a tendency
to be quite elevated even after some weeks of
treatment, and this without high blood pressure,
albuminuria, low renal function (phthalein
test), or casts. To be sure, most of the patients
who showed this persistent hyperglycaemia had
some evidence of renal trouble as revealed by
one or more of the four criteria mentioned.

As has been pointed out before, we do not
know definitely how much, if any, harm it does
a patient to live with a continued hyperglycae-
mia, so until we do the value of blood sugar de-
terminations as a prognostic aid seems doubtful.
Even in cases without renal involvement there
does not seem to be any definite correlation be-
tween either the initial or the final blood sugar
and the tolerance, but in general the mjkl cases
tend to sink to normal faster and more easily
tlian the severe, though, as shown, there are

many exceptions to the rule.
One point that should be borne in mind in re-

lation to these determinations is that they must
be done either with the patient fasting in the
morning, or at least four or five hours after
food, for the alimentary hyperglycaemia of dia-
betics is of considerable duration and extent.

Many writers have pointed out that blood
sugar is in a very unstable state, and if only a

single determination is done, a false picture of
the condition may be obtained. It would un-

doubtedly be best to have daily determinations
if one wished to follow the blood sugar accur-

ately.
summary.

Diabetics have a higher blood sugar when
they are excreting sugar in the urine than they
do when the urine is rendered sugar-free.
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The threshold of sugar excretion varies in
different diabetic individuals, and apparently in
the same individual at different times.

Sometimes the blood sugar returns to normal
under treatment, and this is generally in the
milder eases, though there are some exceptions
to the rule.

A persistently elevated blood sugar may be
an indication of the greater severity of the dis-
ease, or it may occur in apparently mild cases,
but generally associated in the latter instances
with some renal impairment.

By keeping the carbohydrate intake well be-
low the limit of tolerance, as shown by the ap-
pearance of glycosuria, it has been found that
the blood sugar will almost, if not quite, sink
to normal, and our experience leads to the belief
that efficient treatment can be carried out in
most instances using the urinary sugar alone as
the therapeutic guide.

There are undoubtedly a certain number of
severe cases with marked acidosis or nephritis in
which the true picture of the condition is much
illuminated by direct blood examinations, both
for sugar and alkali reserve.

hefekences.

'Bans, I.: Der Blutrucker, p. 20, Wiesbaden, iftis.
»Lewis, I?. C nnd Benedict, S. R. : Journal of Biological Chem-
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DISCUSSION.

Dr. Harrt W. Goodall, Boston: Dr. Joslin
emphasizes the importance of early treatment of
diabetes. I feel very strongly that in the absence
of any other diseased condition the duration of
life must necessarily depend in a large measure

upon the intelligent early treatment of the pa-
tient.

One is very much impressed by the import-
ance of early treatment in studying the out-
patient cases. For the past seven years I have
taken charge of all the diabetics in one of the
out-patient clinics, and during the last two or
three years the present method of treatment
has been followed out as carefully as it is pos-
sible for one to carry it out. The conditions in
the out-patient clinic are not unlike the condi-
tions that one meets with in private work, espe-
cially the general practitioner.

The improvement in the treatment is most
striking. Up to within the last two or three
years the treatment was more or less spasmodic.
We had little control of the patient, and the
results were not especially satisfactory. At the
present time with a clinic of about sixty dia-
betics, the majority of whom represent the
early cases, the patients are grouped together
into a class, being treated as a class and treated

individually. AU of the patients are under the
control and direct treatment of the young
woman who has been trained in the treatment
of diabetics, and is not a medical person. She
is under my own supervision. Out of the sixty
patients there have been but two deaths, which
I think were the result of dietetic errors. In
both instances it seemed impossible to get the
proper food for the patient. Of course it is
only fair to say the most severe eases were sent
to the hospital for treatment, and then after
they had become sugar-free were sent back to
the clinic, but during this period of two or three
years all the patients have been able to carry
on their daily activities. The greater part of
the time they have been free from sugar, and
there have been few, if any, recurrences.

One of the most interesting things has been
the treatment of the male cases. It has been
very difficult to get hold of the men. They will
not give up their work to come to the clinic, and
we have succeeded in getting the mothers or the
wives, and they have come for directions and
have carried out our instructions at home. Out
of the sixty eases about ten patients have paidlittle or no attention to the treatment whatever.
They would come spasmodically, as they did in
the days of old, but the remaining forty-five or
fifty have attended most diligently, and have
tried in every way to carry out our treatment
and suggestions.

I think the success of the clinic has dependedentirely upon the young lady in charge. She
has shown great patience. When sugar has re-
turned she has taken pains to find out what
caused the return of the sugar, whether it was
the fault of the patient or fault in the prepa-ration of the food or what-not, and instead of
scolding the patient, has gone all over the sub-
ject again and has taken every possible painsfor encouragement in the work.

Whenever questions have arisen or whenever
new patients have come with diabetic complica-tions, they are immediately taken to the class
and demonstrated as a warning of what will
happen 'to them if they don't follow instruc-
tions. Under this system we have had the most
satisfactory results, and I am sure even more
satisfactory to the patient than to the physi-cian.

Dr. Walter R. Bloor, Boston: Because of
the practically universal belief that diabetes is
a disorder of the carbohydrate metabolism, the
fact that there is a disturbance of the fat
metabolism at the same time has been rather
lost sight of, although some of the important
symptoms of diabetes—for example, acidosis—
are due, without question, to the disturbance in
the fat metabolism. One reason for the failure
to take the fats into account is no doubt the
fact that glycosuria is the symptom which is
readily recognized and measured. There are
plenty of methods for determining the sugar in
the urine, while there has been no satisfactory

 The Boston Medical and Surgical Journal as published by 
The New England Journal of Medicine. Downloaded from nejm.org at NYU WASHINGTON SQUARE CAMPUS on June 28, 2016. 

 For personal use only. No other uses without permission. From the NEJM Archive. Copyright © 2010 Massachusetts Medical Society.


